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(57) ABSTRACT

The mvention relates to a flexible pipe for transportation of
fluids and gasses, e.g. usetul 1n water transportation, and 1n
offshore transportation of crude o1l e.g. from seabed to an
installation or between 1nstallations. The flexible pipe of the
invention comprises a new type of armouring layers which 1s
made from a combination of one or more profiled wires and
one or more metal strips. A folded strip 1s an endless unit with
at least one fold and a width which 1n unfolded condition 1s at
least 6 times 1ts thickness, such as at least 10, such as at least
15, such as at least 25 times 1ts thickness or even up to 100 or
500 times 1ts thickness. A profile 1s a preshaped non-folded
cross sectional profile. The profile may preferably have a
width of less than 6 times 1ts thickness. The term ‘endless’ 1s
used to indicate that the tapes and profiles are very long
compared to their other dimensions.
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1
FLEXIBLE PIPE

This application 1s a National Stage Application of PCT/
DK2007/050187, filed 17 Dec. 2007, which claims benefit of
Serial No. PA 2006 01706, filed 22 Dec. 2006 in Denmark and >
which applications are incorporated herein by reference. To

the extent appropriate, a claim of priority 1s made to each of
the above disclosed applications.

TECHNICAL FIELD 10

The 1nvention relates to a flexible pipe which can be used
for transportation of fluids and gasses, and in particular a
flexible pipe of the type which 1s useful 1n water transporta-
tion, and in offshore transportation of crude o1l e.g. from 15
seabed to an installation or between installations.

BACKGROUND ART

The flexible pipes for offshore use are often unbonded 20
pipes. The term “unbonded” means 1n this text that at least
two of the layers of the pipe are not bonded to each other.
Often unbonded flexible pipes comprise an internal sheath
which forms a barrier against the outtlow of the fluid which 1s
conveyed through the pipe, and one or more armouring layers 25
on the outer side of the internal sheath (outer armouring
layer(s)). The flexible pipe may comprise additional layers
such as a carcass which 1s an inner armouring layer to prevent
the collapse of the internal sheath. An outer sheath may be
provided with the object of forming a barrier against the 30
ingress of fluids from the pipe surroundings to the armouring
layers. In practice the pipe will normally comprise at least two
armouring layers, which are not bonded to each other directly
or indirectly via other layers along the pipe. Thereby the pipe
becomes bendable and sufficiently flexible to roll up for trans- 35
portation.

Typical unbonded flexible pipes are e.g. disclosed in
WO0161232A1, U.S. Pat. No. 6,123,114 and U.S. Pat. No.

6,085,799,

The above-mentioned type of flexible pipes 1s used, among 40
other things, for ofi-shore as well as some on-shore applica-
tions for the transport of tfluids and gases. Flexible pipes can
¢.g. be used for the transportation of fluids where very high or
varying water pressure exists along the longitudinal axis of
the pipe, such as riser pipes which extend from the seabed up 45
to an 1nstallation on or near the surface of the sea, pipes for
transportation of liquid and gases between installations, pipes
which are located at great depths on the seabed, or between
installations near the surface of the sea.

In traditional flexible pipes, the one or more armouring 50
layers are most often in the form of helically wound steel
wires e.g. shaped as profiles, where the individual layers may
be wound at different winding angle relative to the pipe axis.
Inner armouring layers are often made from folded inter-
locked steel strips, e.g w2 folded strips, such as disclosed 1n 55
U.S. Pat. No. 6,415,825.

In order to avoid formation of undesired gabs between the
helically wound wires of the armouring layer, and 1n particu-
lar armouring layer adjacent to a internal sheath, the armour-
ing layer are formed from interlocked profiled wires. A num- 60
ber of prior art documents disclosing such armouring layers
formed from interlocked profiled wires. U.S. Pat. No. 6,065,
501 discloses an armouring layer formed from interlocked T
profiled wires or formed from alternating T and U profiled
wires interlocked into each other. U.S. Pat. No. 6,415,825 65
discloses an armouring layer formed from 1nterlocked Z pro-

filed wires. U.S. Pat. No. 6,354,333 discloses I or H profiled
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wires interlocked a U profiled wires. U.S. Pat. No. 6,235,793
disclosed an armouring layer formed from X profiled wirers

interlocked by a U profiled wires.

The object of the invention 1s provide a flexible pipe with
an alternative armouring layer, which 1s simple to produce
and has the necessary strength for use as armouring layers,
such as pressure armouring layer and carcass.

This object has been achieved by the invention as claimed.

DISCLOSURE OF INVENTION

It should be emphasized that the term “comprises/compris-
ing”” when used in this specification 1s taken to specily the
presence of stated features, itegers, steps or components but
does not preclude the presence or addition of one or more
other stated features, integers, steps, components or groups
thereof.

The inventor of the present invention has thus created a new
type of armouring layers which 1s made from a combination
of one or more profiled wires and one or more metal strips. A
tolded strip 1s herein defined as an in principle endless unit
with at least one fold and a width which 1n unfolded condition
1s at least 6 times its thickness, such as at least 10, such as at
least 15, such as at least 25 times 1ts thickness or even up to
100 or 500 times 1ts thickness. A profile 1s an in principle
endless unit with a preshaped non-folded cross sectional pro-
file. The profile may preferably have a width of less than 6
times its thickness. The term ‘endless’ 1s used to indicate that
the tapes and profiles are very long compared to their other
dimension.

The flexible pipe of the invention comprises a plurality of
layers surrounding a hollow core the plurality of layers com-
prises an internal sheath and one or more armouring layers, at
least one mterlocked armouring layer being formed from at
least one profiled wire and at least one folded metal strip, and
this at least one profiled wire and this at least one folded metal
strip are helically wound and interlocked with each other.

The interlocked armouring layer formed from at least one
profiled wire and at least one folded metal strip can thus be
provided with a desired thickness and yet maintain a desired
flexibility. Simultaneously by providing the interlocked
armouring layer from at least one profiled wire and at least
one folded metal strip formation of undesired gabs can be
avolded. The thickness of the interlocked armouring layer 1s
mainly provided by the profiled wire whereas the flexibility 1s
provided mainly by the folded metal strip. By this construc-
tion 1t has also been found that the same folded strip can be
used for interlocking profiled wires of different thickness.
This means that different interlocked armouring layers of
different thickness may be produced from one type of folded
strips together with different types of profiled wires, wherein
the profiled wires are of different thickness.

As 1t will be clear from the following description various
embodiments of the imnvention provides additional benefits.

As mentioned above the flexible pipe of the invention may
have one or more armouring layer. The number and the place-
ment of armouring layer or layers may e.g. be as 1t 1s well
known from prior art e.g. as disclosed 1n U.S. Pat. No. 6,065,
501, U.S. Pat. No. 5,813,439 and WO 01/81809. At least one
of the armouring layers 1n an interlocked armouring layer
formed from at least one profiled wire and at least one folded
metal strip.

The flexible pipe of the invention may 1n one embodiment
comprise two or more armouring layers wound onto the inter-
nal sheath. The two armouring layers may e.g. be of wound
wires, €.g. cross wound at angles to the centre axis of the pipe

of 40-60 degrees, such as 45-58 degrees, such as 53-56
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degrees to the centre axis of the pipeline. Such armouring
layers of cross wound wires having angles of 40-60 degrees
are often referred to as a pair of balanced traction layers. The
flexible pipe may additionally comprise an inner armouring
layer which 1n general 1s referred to as a carcass.

Any degrees mentioned herein should be taken to mean
degrees 1n relation to the centre axis of the pipe unless other
1s speciiied.

An inner armouring layer 1s an armouring layer which 1s
placed 1nside the internal sheath and has the main purpose of
preventing crushing of the pipe due to external forces. An
inner armouring layer may be placed in direct contact with the
inner side of the internal sheath or one or more matenal layers
¢.g. a film and/or an 1sulating layer may be placed between
the 1inner side of the internal sheath and the 1nner armouring
layer.

An outer armouring layer 1s an outer armouring layer
placed outside the internal sheath and has the main purpose of
resisting pressure forces due to internal forces and/or resist-
ing traction forces due to both external and external forces.
Typically a flexible pipe will comprise at least two outer
armouring layers. An mnermost outer armouring layer may
be placed 1n direct contact with the outer side of the internal
sheath or one or more material layers e.g. a film may be placed
between the outer side of the internal sheath and the mner-
most outer armouring layer. If the pipe comprises two or more
outer armouring layers, these outer armouring layers may be
placed 1n direct contact with each other or the two or more
outer armouring layers may independently of each other be
separated by one or more material layers e.g. film layer(s),
intermediate sheath(s), insulation sheath(s) or similar.

For protection the flexible pipe may comprise an outer
sheath, preferably of a polymer layer.

The flexible pipe of the invention may in one embodiment
comprise an mner armouring layer and three or more outer
armouring layers, wherein the innermost of the outer armour-
ing layers 1s a vault of wound wires, wound at a steep angle to
the centre axis ol the pipe, e.g. above 80 degree, such as above
90 degree, and the other two armouring layers are of wound
wires, cross wound at angles of 25-40, and 70-80 degrees,
respectively.

The flexible pipe of the invention may comprise additional
layers such as 1t 1s well known 1n the art, e.g. insulation layers
of polymers, composite, cork or other, intermediate polymer
sheaths or films and etc.

The flexible pipe of the invention may for example have a
structure as described in any one of the prior art documents
U.S. Pat. No. 6,691,743, U.S. Pat. No. 6,668,867, U.S. Pat.
No. 5,813,439, WO 0242674, U.S. Pat. No. 5,730,188, U.S.
Pat. No. 6,354,333, U.S. Pat. No. 4,549,581, U.S. Pat. No.
6,192,941, U.S. Pat. No. 6,283,161, WO 0181809, WO
0036324, U.S. Pat. No. 6,454,897, U.S. Pat. No. 6,408,891
and U.S. Pat. No. 6,110,550, with the difference that at least
one of the armouring layers 1s an mterlocked armouring layer
formed from at least one profiled wire and at least one folded
metal strip, preferably as described herein.

In one embodiment one of the armouring layers 1s an inter-
locked armouring layer formed from at least one profiled wire
and at least one folded metal strip, preferably as described
herein. This could preferably an inner armouring layer or it
could be an innermost outer armouring layer, ¢.g. a vault.

In one embodiment two or more of the armouring layers are
interlocked armouring layers each formed from at least one
profiled wire and at least one folded metal strip, preferably as
described herein. This could preferably include an inner
armouring layer and/or an mnermost outer armouring layer,
¢.g. a vault.
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In the following the term ‘profiled wire’ should mean ‘at
least one profiled wire’ unless otherwise specified, and simi-
larly the term ‘folded metal strip” should mean ‘at least one
folded metal strip’ unless otherwise specified.

In one embodiment the profiled wire comprising a base
with at least two lateral flanges each, independently of each
other, protrudes 1n one of the directions towards or away from
the hollow core, said at least one folded metal strip being
tolded to form two edge sections, wherein the profiled wire 1n
one winding 1s locked to said profiled wire in a subsequent
winding by said folded metal strip.

A lateral flange means a flange extending essentially in the
length direction of the profile. The flange may be a continuous
or a discontinuous flange. In practice it 1s most simple to
provide the profile with continuous flange(s).

The base of the profile 1s the part that connects the two
lateral flanges. The base may in principle have any shape. The
base may in one embodiment be essentially flat or be slightly
curved e.g. 1n a convex or concave fashion.

The directions towards or away from the hollow core
should be taken to mean the radial directions toward the
centre axis of the pipe.

The edge sections of the folded metal strip should be taken
to mean the two opposite edge sections extending essentially
in the length direction of the strip and comprising at least one
fold capable of engage with a tlange of the profile.

The tlexible pipe may 1n principle comprise any number of
helically wound folded metal strips N_ and any number of
helically wound profiled wires N_,.

In one embodiment the number of helically wound folded
metal strips N_ 1s at least the number N_, of helically wound
profiled wires. The number of helically wound profiled wires
N, may preferably be =Y *the number of helically wound
folded metal strips N, whereinY 1s an integer of 1 or 2.

In a preferred embodiment the number of helically wound
profiled wires N_ 15 1-100, such as any number there between.

In pressure armouring layers the number of helically
wound profiled wires N_ 1s usually relatively low, such as 10
or less, e.g. 1-5. Pressure armouring layers comprises the
group ol armouring layers selected from inner armouring
layers and outer armouring layers mainly provided to resist
pressure forces. Outer armouring layers mainly provided to
resist pressure forces does normally include armouring layers
of wires with a winding angle of 80 degrees or more.

In traction armouring layers the number of helically wound
profiled wires N 1s usually more than one, such as more than
5, such as 10 to 100. Traction armouring layers comprises the
group ol armouring layers mainly provided to resist pressure
forces preferably selected from outer armouring layers of
wires with a winding angle of less than 80 degrees.

In one embodiment the helically wound folded metal strips
and said helically wound profiled wires are wound with
essentially the same winding angle to the centre axis of the
flexible pipe. The winding angle may be as disclosed above
¢.g. the winding angle 1s 25-90, such as 80-90 degrees for
pressure armouring layers and such as 25-80 degrees for
traction armouring layers.

The edge sections the folded metal strip may preferably be
arranged to interlock with lateral flanges of the profiled wire.

In one embodiment wherein the profiled wire comprises a
base with at least two lateral flanges protruding 1n one of the
directions towards or away from the hollow core, the folded
metal strip 1s folded to form two edge sections protruding in
the other one of the directions towards or away from the
hollow core.

The profiled wire may 1n principle have any profiled shape.
Preferred shapes of the profiled wire includes the shape of the
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profiled wires as disclosed 1n any one of the publications U.S.
Pat. No. 6,691,743, U.S. Pat. No. 6,668,867, U.S. Pat. No.
5,813,439, WO 0242674, U.S. Pat. No. 5,730,188, U.S. Pat.
No. 6,354,333, U.S. Pat. No. 4,549,581, U.S. Pat. No. 6,192,
941, U.S. Pat. No. 6,283,161, WO 0181809, WO 0036324,
U.S. Pat. No. 6,454,897, U.S. Pat. No. 6,408,891 and U.S.
Pat. No. 6,110,550. More preferably the profiled wire(s) has/
have a profile selected from the group consisting of Z-shaped
profiles, U-shaped profiles, X-shaped profiles, I-shaped pro-
files, H-shaped profiles and T-shaped profiles.

In one embodiment the profiled wire has a T-shaped profile.
The at least one profiled T-shaped wire preferably comprises
a base with two lateral flanges protruding 1n one of the direc-
tions towards or away from the hollow core, and a protruding,
flange extending from the base between the two lateral
flanges and 1n the same direction towards or away from the
hollow core as said two lateral flanges. In this embodiment
one folded metal strip can engage with one of the lateral
flanges of the profile while simultaneously being physically
separated from a folded metal strip engaged with the other
one of the lateral tlanges of the profile by said protruding
flange extending from the base between the two lateral
flanges. The protruding flange extending from the base
between the two lateral flanges thereby constitutes a fence
between the two folded metal strips engaged with the profiled
wire.

During transport and use a tlexible pipe will be bended in a
more or less controlled fashion. The engagements between
the profiled wire and the folded metal strip may consequently
slide from side to side within a predetermined play. This play
should preferably be arranged to provide a suificient play for
good flexibility and still be sufliciently limited to provide
strength and stability to the pipe. By physically separating
adjacent folded metal strip engaging the same profiled wire,
the desired play can be obtained while simultaneously obtain-
ing a high degree of stability and strength.

In one embodiment the profiled wire has a Z-shaped pro-
file. The at least one profiled wire comprises a base with two
lateral flanges, a first flange protruding in the direction
towards the hollow core, and a second flange protruding in the
direction away from the hollow. In this embodiment one
folded metal strip can engage with one of the lateral flanges of
the profile while simultaneously being physically separated
from a folded metal strip engaged with the other one of the
lateral flanges of the profile by said base between the two
lateral flanges. The base thereby constitutes a fence between
the two folded metal strips engaged with the profiled wire.

In one embodiment the profiled wire has an X-shaped
profile. The profiled wire comprises a base with two lateral
flanges protruding 1n one of the directions towards or away
trom the hollow core, and two lateral flanges protruding 1n the
other one of the directions towards or away from the hollow
core. The folded metal strip 1s folded to form two edge sec-
tions protruding 1n at least one of the directions towards or
away from the hollow core. In this embodiment the inter-
locked wire may preferably comprise 2 folded metal strips for
cach profiled wire, where half of the folded metal strips
comprises edge sections protruding in one of the directions
towards or away from the hollow core, and the other half of
the folded metal strips comprises edge sections protruding in
the other one of the directions towards or away from the
hollow core. In this embodiment each profiled wire can thus
be engaged by 4 folded metal strips, two on the side of the
profiled wire turned towards the hollow core and two on the
side of the profiled wire turned away from the hollow core.
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This embodiment thus provides a very stable and strong
armouring layer, while simultaneously maintaining a very
high flexibility.

The x-shaped profiled wire may thus preferably in one
winding be locked to said at least one profiled wire 1n a
subsequent winding by at least one folded metal strip com-
prising edge sections protruding in one of the directions
towards or away from the hollow core, and one folded metal
strips comprising edge sections protruding 1n the other one of
the directions towards or away from the hollow core.

The folded metal strip may in principle be folded to form
the edge sections with any shape, provided that they can
engage with the lateral flange of the profiled wire. In one
embodiment the folded metal strip 1s folded against 1t self at
least along one of its edges to form at least one edge section
protruding in one of the directions towards or away from the
hollow core.

In one embodiment the folded metal strip 1s folded along
both of 1ts edges to form the edge sections protruding 1n one
of the directions towards or away from the hollow core.

The folding direction and the protruding direction may be
essentially the same or they may be essentially opposite each
other. The folding direction means the direction perpendicu-
lar to the surface of the non-folded part of the edge section of
the folded metal strip and towards the folded part of the edge
section.

In most situations 1t 1s desired that the folding direction and
the protruding direction are essentially the same.

The folded metal strip should preferably be folded at least
along one of its edges 1n at least one fold to form at least one
edge section.

‘One fold’ means that the edge part 1s folded one time to
form a two layered edge section.

In one embodiment the folded metal strip 1s folded at least
along one of 1ts edges 1n at least two folds to form at least one
edge section having 3 or more layers.

The folded metal strip may 1n one embodiment be folded
against 1t self 1n at least along one of its edges 1n at least one
told, such as two or even more folds to form at least one edge
section, where the edge section comprises two or more layers
ol strip material.

In one embodiment the folded metal strip 1s folded at least
along one of 1ts edges so that a secondary element 1s 1nte-
grated into the folding. The secondary material may 1n prin-
ciple be any kind of material, such as an reinforcement thread
or {ilm. In one embodiment the secondary element integrated
into the folding 1s a fiber such a fiber sensor, e.g. for sensing

stress, and or temperature or properties of the pipe or pipe
clements. A suitable sensor 1s the sensor as described 1n U.S.
Pat. No. 7,024,941.

The folded metal strip may preferably be folded to form
two edge sections and a non-folded mid-section between the
two edge sections.

The non-folded mid-section may in principle have any
shape and thickness within the limitation for a strip. However,
in general 1t 1s preferred that the non-folded mid-section 1s
essentially flat in order to allow the desired play between
engaged profiled wires and folded metal strips.

In one embodiment the non-folded mid-section has an
essentially uniform thickness.

The optimal thickness of the folded metal strip depends
largely on the size of pipe, the pretended use of the pipe and
the strength of the metal used for the folded metal strip. It the
pipe 1s large the thickness of the folded metal strip should
preferably be relatively large as well, e.g. even up to 16 mm.
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I1 the pipe 1s to be used as a riser the thickness of the folded
metal strip may preferably be larger than 1t the pipe 1s to be
used as a tlow line.

In most situations a thickness of the folded metal strip of
about 5 mm or even about 2 mm 1s suilicient.

In one embodiment the non-folded mid-section has a non-
folded thickness T, o1 0.2-5 mm, such as 0.2-2 mm.

The folded layers of the edge section of the folded metal
strip may e.g. have a thickness which 1s different from the
non-folded mid-section. Thus 1n one embodiment the folded
layers of the edge section of the folded metal strip has a
thickness of between 0.5 and 1.5 times the thickness of the
non-folded mid-section. In principle the edge sections may
thus each has an edge sections thickness 14 of down to one
time the thickness of the non-folded mid-section T, .. How-
ever 1n practice 1t 1s desired that the edge sections 1s thicker
than the non-folded mid-section T, _.

In one embodiment the edge sections each has an edge
sections thickness T4 of 1.5 to 10 times the thickness of the
non-folded mid-section T, _, such as of 3-4 times the thickness
of the non-folded mid-section T, _.

The profiled wire comprises a base with a first and a second
face placed respectively away from and towards the hollow
core.

In one embodiment the profiled wire comprises two lateral
flanges protruding from the first face of the base to thereby
forming at least one first face channel. One edge section of
one folded metal strip may preferably protrudes into said at
least one first channel and engages with one of the two lateral
flanges, and one other edge section of one folded metal strip
protrudes into said at least one channel and engages with the
other one of the two lateral flanges.

In one embodiment the profiled wire further comprises two
lateral flanges protruding from the second face of the base to
thereby forming at least one second face channel. One edge
section ol one folded metal strip may preferably protrudes
into said at least one second channel and engages with one of
the two lateral tlanges, and one other edge section of one
tolded metal strip protrudes into said at least one channel and
engages with the other one of the two lateral flanges.

The profiled wire may therefore comprise at least one first
channel on a first side of the base and at least one second
channel on the second side of the base.

In one embodiment the profiled wire may comprise two or
more {irst face channels and/or two or more second face
channels. The two or more first face channels and/or two or
more second face channels may e.g. be separated by a fence,
¢.g. 1n the form of a flange protruding from the respective
sides of the base. Preferably an edge section of one folded
metal strip protrudes into each of said two first face channels
and/or two second face channels.

The fence may preferably have a height which 1s up to the
height of the thickness of the edge sections of the folded
strip(s). Thereby a very good engagement between the pro-
filed wire and the folded metal strip can be obtained.

Theprofiled wire has a base thickness T, whichis defined
by the distance between the first and the second face. If the
actual thickness 1s varying over the base, the thickness to of
the base should mean the average thickness. It 1s 1n most
situations desired that the base thickness T, 1s equal to or
higher than the non-folded thickness T, . of the at least one
tolded metal strip to which it 1s engaged. Preferably the base
thickness T,  1s at least 2 times, such as at least 5 times, such
as 6-40 times higher than the non-folded thickness T, _ of the
tolded metal strip to which 1t 1s engaged.

In one embodiment the profiled wire has a base thickness
T, of 2to 25 mm, such as 3 to 20 mm, such as 5 to 15 mm.
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The protruding tlanges of the profiled wire each has a
flange height, which 1s defined by the protruding distance

from the base. The flange height may preferably be equal to or
less than the edge sections thickness T,. In a preferred
embodiment the flange height being about the edge sections
thickness '1 4 minus the non-folded thickness T, .. Thereby a
particular good engagement between the profiled wire and the
folded metal strip can be obtained.

The edges of the profiled wire may have any shape. Pret-
erably edges of the profiled wire or wires 1n consecutive turn
of the profile wounded to form the armouring layer are
adapted to each other. The edges of the profiled wire may e.g.
be essentially plan. In one embodiment the edges of the
profiled wire comprise a groove and/or a concavity. A sec-
ondary element e.g. a wire and/or a sensor may be placed 1n
such groove/concavity.

The folded metal strip may 1n principle be made from any
metal which can be folded and which has a suilicient strength
to hold together profiled wire by engagement as described
above. Preterably the folded metal strip 1s made from a rela-
tively high nobility. Preferred metals for the folded metal strip
include steel and steel alloys, e.g. a duplex steel.

The profiled wire may 1n principle be of any material which
has the suificient strength for providing the armouring layer.
The material for the profiled wire may e.g. be selected from
the group consisting of composite materials and metals. In
one embodiment the profiled wire 1 metal, such as steel or a
steel alloy, e.g. a duplex steel.

In order to minimize the risk of galvanic corrosion of the
folded metal strip 1n situation where the profiled wire 1s of
metal, the folded metal strip should preferably be of the same
metal or the folded metal strip may be of a metal with a higher
nobility than the one profiled wire. In the latter situation the
profiled wire can be made from a less expensive material.

BRIEF DESCRIPTION OF DRAWINGS

The mvention will be explained more fully below 1n con-
nection with a preferred embodiment and with reference to
the drawings 1n which:

FIG. 1 1s a schematic side view of a pipe with a carcass.

FIG. 2 1s a schematic side view of a pipe without a carcass.

FIG. 3a-3f are schematic cross sectional side views of a
different folded metal strip, which can be a part of an armour-
ing layer of the flexible pipe of the invention.

FIG. 4a-4g are schematic cross sectional side views of
different profiled wires, which can be a part of an armouring
layer of the flexible pipe of the invention.

FIG. 5 1s a cross sectional side view of an armouring layer
made from 1nterlocked folded strips and profiled wires.

FIG. 6 1s a cross sectional side view of another armouring,
layer made from interlocked folded strips and profiled wires.

FIG. 7 1s a cross sectional side view of yet another armour-
ing layer made from interlocked folded strips and profiled
WIres.

The figures are schematic and simplified for clanty, and
they just show details which are essential to the understanding
of the invention, while other details are left out. Throughout,
the same reference numerals are used for 1dentical or corre-
sponding parts.

The flexible pipe shown in FIG. 1 comprises an internal
sheath 2, often also called an inner liner, e.g. of cross linked
PE. Inside the mner liner 2 the pipe comprises an inner
armouring layer 1, called a carcass. On the outer side of the
inner liner 2, the flexible pipe comprises three outer armour-
ing layers 3, 4, 5. The mner armouring layer 3 closest to the
inner liner 2, 1s a pressure armouring layer 3, made from wires
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and/or strips wound at a steep angle to the centre axis of the
pipe, e.2. close to 90 degrees. Around the pressure armouring,
layer 3, the pipe comprises a pair of cross wound tensile
armouring layers 4, 5, made from wound wires and/or strips,
wherein one of the tensile armouring layers 4 has an angle
above 55 degree, typically between 60 and 75 degrees, and
wherein the other one of the tensile armouring layers 3 has an
angle below 35 degree, typically between 30 and 45 degrees.
The piper further comprises an outer polymer layer 6 protect-
ing the armouring layer mechanically and/or against ingress
ol sea water.

At least one of the armouring layers 2, 3, 4, 5 1s formed
from at least one profiled wire and at least one folded metal
strip as described above.

FIG. 2 shows another pipe design. This flexible pipe com-
prises an 1nner liner 12 and a pair of outer armouring layers,
14, 15, in the form of wires and/or strips wound around the
iner liner 12. The two armour layers are cross wound at an
angle to the centre axis of the pipe of close to 55 degree,
typically one of the layers 1s wound at an angle slightly less
than 55 degrees, e.g. between 52 and 55 degrees and the other
of them 1s wound at an angle slightly more than 55 degrees
¢.g. between 55 and 57. The piper further comprises an outer
polymer layer 16 protecting the armouring layer mechani-
cally and/or against ingress of sea water.

At least one of the armouring layers 14,15 1s formed from
at least one profiled wire and at least one folded metal strip as
described above.

FI1G. 3a shows a cross sectional side view of a folded metal
strip usetful in an armouring layer of the pipe of the invention.
The metal strip 1s folded to form two edge sections 1, both
protruding 1n the same direction, namely 1n the folding direc-
tion. The metal strip being folded against 1t self along its
edges 1 two folds for each of the edge sections 1. The strip
turther comprises a non-folded mid-section 2, between the
two edge sections 1.

FI1G. 3b shows a cross sectional side view of another folded
metal strip. The metal strip 1s folded to form two edge sections
3, both protruding in the opposite direction of the folding
direction.

FI1G. 3¢ shows a cross sectional side view of another folded
metal strip, where the metal strip 1s folded to form two edge
sections 4a, 45, both protruding in the same direction. The
metal strip 1s folded against a secondary element 5, such as a
fibre 1n 1ts first edge section 4a. In 1ts second edge section the
strip 1s folded against 1t self 1n 3 folds. The number of folds
may naturally be adjusted as desired.

The strip shown 1n FI1G. 3d differs from the strip of FI1G. 3a
in the number of folds of the two edge sections 6.

FI1G. 3e shows a cross sectional side view of another folded
metal strip, where the metal strip 1s folded to form two edge
sections 7, 8 with respectively 4 and 3 folds. Furthermore the
mid-section 9 of the metal stripe 1s deformed to provide a
protrusion adapted to protrude at least partly 1n between adja-
cent profiles to control sliding movements of the elements of
the armouring layer.

FIG. 3f shows a cross sectional side view of another folded
metal strip, where the metal strip 1s folded to form two edge
sections 10a, 105, both protruding 1n the same direction. The
metal strip 1s folded against a secondary element 5a, such as
a {ibre 1n one of its edge section 105. In the other one of 1ts
edge sections 10q the strip 1s folded against 1t self 1n 3 folds.

FI1G. 4a shows a first profiled wire, useful for providing a
part of an armouring layer of the flexible pipe of the invention.
The profiled wire 1s a K profile such as it 1s described in WO
01/81809. The profiled wire comprises a base 11 and two
lateral flanges 12 protruding in the same direction. The pro-
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filed wire further comprises recesses 13 1n the sides of the
base 11 and cut-outs 14 of the corners of the profiled wire
opposite the lateral flanges 12.

FIG. 46 shows another profiled wire, useful for providing a
part of an armouring layer of the flexible pipe of the invention.
The profiled wire comprises a base 15 and two lateral flanges
16 protruding in the same direction.

FI1G. 4¢ shows another profiled wire, which differs from the
profiled wire shown 1n FIG. 45 1n that 1t additionally com-
prises a further pair of lateral flanges 17 protruding in the
opposite direction of the first two lateral tlanges 16.

FIG. 4d shows another profiled wire, which differs from
the profiled wire shown in FIG. 4¢ 1n that 1t additionally
comprises recesses 18 in the sides of the base 15.

FIG. 4e shows another profiled wire shaped as a Z-profiled
wire which seen 1n profile comprises a base 19 shaped as a Z
and two lateral flanges 20, 21 protruding 1in directions oppo-
site to each other.

FIG. 4f shows another profiled wire, useful for providing a
part ol an armouring layer of the flexible pipe of the invention.
The profiled wire comprises a base 22 and two lateral flanges
23 protruding 1n the same direction. Between the lateral
flanges 23 the profiled wire comprises a protruding flange 24
extending from the base 22 in the same direction as the two
lateral flanges 23. This profiled wire 1s normally described as
a T shaped profiled wire.

FIG. 4g shows a further profiled wire, useful for providing
a part of an armouring layer of the flexible pipe of the mven-
tion. The profiled wire comprises a base 25 and two lateral
flanges 26 protruding in the same direction. Between the
lateral flanges 26 the profiled wire comprises a protruding
flange 27 extending from the base 25 in the same direction as
the two lateral flanges 26. The profiled wire further comprises
recesses 28 1n the sides of the base 25.

FIG. 5 shows a cross-sectional cut of a part of an armouring,
layer of a tlexible pipe of the mvention. The armouring layer
1s formed from at least one profiled wire 30 and at least two
tolded metal strip 31, 32, said at least one profiled wire and
said at least one folded metal strip being helically wound and
interlocked with each other. The profiled wire(s) 30 1s shaped
as the profiled wire shown 1n FIG. 4c¢. The folded metal strips
31, 32 correspond respectively to the folded metal strips
shown 1n FIG. 3a and FIG. 3b.

The lateral flanges 16 of the profiled wire(s) 30 being
engaged with the edge sections 1 of the folded metal strip(s)
31, and the lateral flanges 17 of the profiled wire(s) 30 being
engaged with the edge sections 3 of the folded metal strip(s)
32 to thereby interlock the profiled wire(s) 30 with the folded
metal strips 31, 32.

FIG. 6 shows a cross-sectional cut of a part of another
armouring layer of a flexible pipe of the invention. The
armouring layer 1s formed from at least one profiled wire 40
and at least one folded metal strip 41 as well as at least one
locking element 43. The locking element(s) 43 1s as described
in WO 01/81809 and 1s in the form of a wire with an oval
profile.

The profiled wire(s) 40, the folded metal strip(s) 41 and the
locking element(s) 43 are helically wound and the profiled
wire(s) 40 and the folded metal strip(s) 41 are interlocked
with each other. The profiled wire(s) 40 corresponds to the
profiled wire shown in FIG. 4¢. The folded metal strip(s) 41
corresponds to the folded metal strip shown in FIG. 3d.

The lateral flanges 26 of the profiled wire(s) 40 being
engaged with the edge sections 6 of the folded metal strip(s)
41 to thereby interlock the profiled wire(s) 40 with the folded
metal strip(s) 41. The locking element(s) 43 1s arranged 1n the
cavity formed by two adjoiming recesses 8 of the profiled
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wire(s) 40 to thereby lock against uncontrolled, radial dis-
placement of the profiled wire(s) 40 and the folded metal
strip(s) 41.

FIG. 7 shows a cross-sectional cut of a part of another
armouring layer of a flexible pipe of the invention. The
armouring layer 1s formed from at least one profiled wire 50
and at least one folded metal strip 51 as well as at least two
support wires 53, 54. The support wires 53, 54 are 1n the form
of wires with an essentially rectangular profile.

The profiled wire(s) 50, the folded metal strip(s) 51 and the
support wires 53, 54 are helically wound and the profiled
wire(s) 50 and the folded metal strip(s) 31 are interlocked
with each other. The profiled wire(s) 50 corresponds to the
profiled wire shown 1n FIG. 4e. The folded metal strip(s) 51
corresponds to the folded metal strip shown 1n FIG. 34 with
the difference that the edge sections 6, 6' of the folded metal
strip(s) protrudes 1n opposite directions.

The lateral flanges 20, 21 of the profiled wire(s) 50 being
engaged with the edge sections 6, 6' of the folded metal
strip(s) 51 to thereby interlock the profiled wire(s) 50 with the
folded metal strip(s) 51. The support wires 33, 54 are
arranged 1n cavities formed between the windings of the
profiled wire(s) 50 to thereby lock against uncontrolled,
radial displacement of the profiled wire(s) 50 and the folded
metal strip(s) 51.

Some preferred embodiments have been shown 1n the fore-
going, but 1t should be stressed that the invention 1s not limited
to these, but may be embodied 1n other ways and variations as
it will be clear for the skilled person.

The mvention claimed 1s:

1. A flexible pipe comprising a plurality of layers surround-
ing a hollow core the plurality of layers comprises an internal
sheath and one or more armouring layers, at least one inter-
locked armouring layer comprises at least one profiled wire
and at least one folded metal strip, said at least one profiled
wire and said at least one folded metal strip being helically
wound and interlocked with each other.

2. The flexible pipe as claimed in claim 1 wherein said at
least one profiled wire comprising a base with at least two
lateral flanges each, independently of each other, protrudes in
one of the directions towards or away from the hollow core,
said at least one folded metal strip being folded to form two
edge sections, wherein said at least one profiled wire in one
winding 1s locked to said at least one profiled wire 1n a
subsequent winding by said at least one folded metal strip.

3. The flexible pipe as claimed 1n claam 1 wherein the
number of helically wound folded metal strips N_ being at
least the number N_, of helically wound profiled wires.

4. The flexible pipe as claimed 1n claim 1 wherein said
helically wound folded metal strips and said helically wound
profiled wires being wound with essentially the same winding,
angle to the centre axis of the tlexible pipe.

5. The flexible pipe as claimed 1n claim 1, the at least one
folded metal strip being folded to form two edge sections,
wherein the edge sections of said at least one folded metal
strip being engaged with lateral flanges of said at least one
profiled wire.

6. The flexible pipe as claimed 1n claim 1, wherein said at
least one profiled wire comprising a base with at least two
lateral flanges protruding 1n one of the directions towards or
away from the hollow core, said at least one folded metal strip
being folded to form two edge sections protruding in the other
one of the directions towards or away from the hollow core.

7. The flexible pipe as claimed 1n claim 1, wherein said at
least one profiled wire has a profile selected from Z-shaped
profiles, U-shaped profiles, X-shaped profiles, I-shaped pro-
files, H-shaped profiles or T-shaped profiles.
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8. The flexible pipe as claimed 1n claim 7, wherein said at
least one profiled wire has a T-shaped profile said at least one
profiled wire comprising a base with two lateral flanges pro-
truding 1n one of the directions towards or away from the
hollow core, and a protruding flange extending from said base
between the two lateral flanges and in the same direction
towards or away from the hollow core as said two lateral
flanges.

9. A flexible pipe as claimed 1n claim 7, wherein said at
least one profiled wire has a Z-shaped profile said at least one
profiled wire comprising a base with two lateral flanges, a first
flange protruding in the direction towards the hollow core,
and a second flange protruding in the direction away from the
hollow.

10. The flexible pipe as claimed 1n claim 7, wherein said at
least one profiled wire has an X-shaped profile said at least
one profiled wire comprising a base with two lateral tlanges
protruding in one of the directions towards or away from the
hollow core, and two lateral flanges protruding in the other
one of the directions towards or away from the hollow core,
said at least one folded metal strip being folded to form two
edge sections protruding 1n at least one of the directions
towards or away from the hollow core.

11. The flexible pipe as claimed 1n claim 10, wherein said
interlocked wire comprises 2 folded metal strips for each
profiled wire, halt of the folded metal strips comprises edge
sections protruding 1n one of the directions towards or away
from the hollow core, and the other half of the folded metal
strips comprises edge sections protruding in the other one of
the directions towards or away from the hollow core.

12. The flexible pipe as claimed 1n claim 11, wherein said
at least one profiled wire 1n one winding 1s locked to said at
least one profiled wire 1n a subsequent winding by at least one
tolded metal strip comprising edge sections protruding in one
of the directions towards or away from the hollow core, and
one folded metal strips comprising edge sections protruding
in the other one of the directions towards or away from the
hollow core.

13. A flexible pipe comprising a plurality of layers sur-
rounding a hollow core the plurality of layers comprises an
internal sheath and one or more armouring layers, at least one
interlocked armouring layer comprises at least one profiled
wire and at least one folded metal strip, said at least one
profiled wire and said at least one folded metal strip being
helically wound and interlocked with each other, wherein the
at least one folded metal strip being folded against 1t self at
least along one of 1ts edges to form at least one edge section
protruding in one of the directions towards or away from the
hollow core.

14. The flexible pipe as claimed 1n claim 13, wherein the at
least one folded metal strip being folded along both of 1ts
edges to form the edge sections protruding in one of the
directions towards or away from the hollow core.

15. The flexible pipe as claimed 1n claim 13, wherein the at
least one folded metal strip being folded at least along one of
its edges 1n a folding direction.

16. The flexible pipe as claimed 1n claim 13, wherein the at
least one folded metal strip being folded at least along one of
its edges 1n at least one fold to form at least one edge section.

17. The flexible pipe as claimed 1n claim 16, wherein the at
least one folded metal strip being folded at least along one of
its edges 1n at least two folds to form at least one edge section.

18. The tlexible pipe as claimed 1n claim 13, wherein the at
least one folded metal strip being folded against 1t self 1n at
least along one of its edges 1n at least one fold to form at least
one edge section.
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19. The tlexible pipe as claimed 1n claim 13, wherein the at
least one folded metal strip being folded against 1t self to form
at least one edge section comprising two or more layers of
strip material.

20. The flexible pipe as claimed 1n claim 13, wherein the at
least one folded metal strip being folded at least along one of
its edges so that a secondary element 1s integrated into the
folding.

21. The flexible pipe as claimed 1n claim 1, wherein said at
least one folded metal strip being folded to form two edge
sections and a non-folded mid-section between the two edge
sections.

22. The flexible pipe as claimed 1n claim 21, wherein said
non-folded mid-section has an essentially uniform thickness.

23. The flexible pipe as claimed 1n claim 21, wherein said

non-folded mid-section has a non-folded thickness T,  of
0.2-5 mm.

24. The flexible pipe as claimed 1n claim 16, wherein said

edge sections each has an edge sections thickness T4 ot 1.5to
10 times T, _.

25. The flexible pipe as claimed 1n claim 1, wherein said at
least one profiled wire comprising a base with a first and a
second face placed respectively away from and towards the
hollow core.

26. The flexible pipe as claimed 1n claim 25, wherein said
two lateral flanges protrudes from the first face of the base to
thereby forming at least one first face channel.

27. The flexible pipe as claimed 1n claim 25, wherein said
at least one profiled wire comprising two lateral flanges which
protrudes from the second face of the base to thereby forming
at least one second face channel.

28. The flexible pipe as claimed 1n claim 25, wherein said
at least one profiled wire comprising two or more first face
channels and/or two or more second face channels, said two
or more lirst face channels and/or two or more second face
channels being separated by a fence.

29. The flexible pipe as claimed 1n claim 28 wherein said
tence has a height which 1s up to the height of the thickness of
said edge sections of the folded strip(s).

30. The flexible pipe as claimed 1n claim 25, wherein said
at least one profiled wire has a base thickness T, defined by
the distance between the first and the second face, said base
thickness T, , being equal to or higher than the non-folded
thickness T, . of the at least one folded metal strip to which it
1s engaged.

31. The flexible pipe as claimed 1n claim 25, wherein said
at least one profiled wire has a base thickness T, defined by
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the distance between the first and the second face, said base
thickness T, being 2 to 25 mm.

32. The flexible pipe as claimed 1n claim 23, wherein said
protruding flanges of the at least one profiled wire each has a
flange height defined by the protruding distance from the
base, said flange height being equal to or less than the edge
sections thickness 1.

33. The tlexible p1pe as claimed 1n claim 1, wherein said at
least one folded metal strip being of metal.

34. The tlexible pipe as claimed 1n claim 1, wherein said at
least one profiled wire being of a matenal selected from
composite materials and metals.

35. The flexible pipe as claimed 1n claim 1, wherein said at
least one folded metal strip and said at least one profiled wire
being of metal, said at least one folded metal strip being of a
metal with a higher nobility than said at least one profiled
wire.

36. The tlexible pipe as claimed 1n claim 1, wherein said
least one 1interlocked armouring layer being a traction armour
layer.

377. The flexible pipe as claimed 1n claim 1, wherein said
least one 1interlocked armouring layer being a pressure
armouring layer.

38. The flexible pipe as claimed 1n claim 1, wherein said
least one interlocked armouring layer being a carcass.

39. The flexible pipe as claims in claim 3, wherein
N, =Y*N_wheremY is 1 or up to 100.

40. The flexible pipe as claims in claim 15, wherein said at
lest one edge section protrudes in said folding direction.

41. The flexible pipe as claims in claim 26, wherein one
edge section of one folded metal strip protrudes into said at
least one channel and engages with one of the two lateral
flanges, and one other edge section of one folded metal strip
protrudes 1nto said at least one channel and engages with the
other one of the two lateral flanges.

42. The flexible pipe as claimed in claim 27, wherein one
edge section of one folded metal strip protrudes 1nto said at
least one channel and engages with one of the two lateral
flanges, and one other edge section of one folded metal strip
protrudes 1nto said at least one channel and engages with the
other one of the two lateral flanges.

43. The flexible pipe as claimed in claim 1, wherein the at
least one folded metal strip has a width 1n unfolded condition
and a thickness, the width being at least 6 times the thickness.

44. The flexible pipe as claimed in claim 1, wherein the at
least one profiled wire 1s an 1n principle endless unit with a
pre-shaped non-folded cross sectional profile.
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